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Abstract
In mid-1997 Eastman Kodak's archrival Fuji Photo Film initiated a price war that cost
Kodak hundreds of millions of dollars. In the words of Prudential analyst Alex Hendersen, it was
a "near death experience." Eastman Kodak's CEO George Fischer was forced to cut $1 billion in
costs and eliminate 20,000 jobs (Holstein, 1998).
As part of this ongoing effort to cut costs, Kodak's manufacturing organizations have been
handed significant cycle time reduction goals. In order to achieve these aggressive goal,
fundamental improvements to the manufacturing system must be achieved. This research seeks
to understand the Eastman Kodak color film flow acetate manufacturing system and its inventory
drivers in order to establish the appropriate inventory and scheduling policies. The proposed
policies will provide the structure for predictable scheduling behavior and continued cycle-time
reductions.
Three primary approaches for scheduling are proposed, the re-order point (ROP) model, the
build-to-order model, and a newly developed Projected Inventory Position (PIP) model.
The ROP model is a widely used model where an inventory is built of a specific product and
depleted by demand over time until it reaches a predetermined re-order point. A request is then
placed on the manufacturing system to replenish the inventory of the product within a specific
time frame. The thesis proposes that the ROP model be applied to seven of the division products.
Recommendations and calculations are provided for each of the relevant parameters along with
supporting evidence as to why the ROP model was chosen.
Additionally, it is recommended that nine of the division products transition to a build-to-
order policy. An analysis is conducted to determine which products the division feasible can
build-to-order and a scheduling process is proposed.
Finally the thesis develops and proposes the application of a new model termed the
Projected Inventory Position (PIP) model. The PIP model specifically applies to products build
on multiple machines throughout the division. It is a decision tool that assists planners in
deciding how many machines should be running a given product each day by taking into
consideration the current inventory level, the demand over a defined fix zone, and the current rate
of production.
Thesis Advisors:
Stanley B. Gershwin, Senior Research Scientist, Department of Mechanical Engineering
Stephen C. Graves, Professor of Management Science
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1 Introduction
1.1 Thesis Objective
In the wake of the Japanese industrial invasion, many US manufacturers continue to
struggle in the competitive market place. Often inventories are slashed, employees are laid off
and divisions are sold in a desperate effort to remain competitive. In this dog-eat-dog
environment, the rewards can be exceptional, with the winner enjoying increased market share
and exceptional profit margins.
In response to increased competition and technological shifts, the Eastman Kodak
Company has initiated dramatic changes in the way it does business. One of these initiatives is to
significantly reduce manufacturing cycle time. As Kodak CEO George Fischer puts it, "the faster
you develop and manufacture products, the more you lower costs and increase your market
share," (Verespej, 1997).
The purpose of this thesis is to contribute to the cycle time reduction effort in the color film
manufacturing flow in Rochester, NY by analyzing the manufacturing system of the film acetate
division and providing and implementing a set of inventory and scheduling policies. The policies
intend to establish inventories at the optimal level given the current manufacturing system and the
desired service level. A secondary, and equally important goal, is to establish a framework for
continued inventory and cycle-time reduction as the manufacturing system evolves.
1.2 Setting
The research for this thesis was conducted at the Eastman Kodak Company Color Film
Flow division in Rochester, NY from June 1998 to December 1998. The color film flow
manufactures and packages the majority of Eastman Kodak's sensitized film products for
worldwide distribution. Products vary from low-volume specialty films to high-volume
consumer products. Most of the research was focused in the acetate division and primarily its
interaction with the sensitizing division. While the numerical values presented herein are
meaningful for illustrative purposes, they have been disguised to protect sensitive information.
1.3 Color Film Flow Supply Chain
Figure 1-1 shows a high level view of the color film flow supply chain, where the arrows
represent the physical flow of product. Stage one is the manufacturing of film support products,
of which there are two: acetate and Estar. Film support is the flexible material that is coated at
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the sensitizing or coating step in the supply chain (see section 2.1.2 for a detailed description of
support). Stage one also includes the manufacturing of light sensitive chemicals or emulsions.
At stage two, support is coated with the light sensitive chemicals using advanced coating
technology. After being coated in large rolls, the film is sent to the finishing division for final
cutting to size and packaging. Finally, the end product is sent to both central and regional
distribution centers for distribution to end customers.
or
Figure 1-1 Color Film Flow Supply Chain
1.4 Integrated Demand Flow (IDF)
In December 1997, the Color Film Flow division initiated a supply-chain wide initiative
entitled Integrated Demand Flow. The goal of this initiative was to convert the primary planning
system from one that is forecast-based to one that is consumption-based. In effect, this initiative
is to change from a push system to a pull system. When the research for this thesis began in June
1998, portions of the new system were being implemented for various products throughout the
supply chain. However, for a variety of reasons, acetate and Estar support divisions were not
initially included in the transition. Nevertheless, as the transition from a push model to a pull
model proceeded, the new environment required the acetate division to re-evaluate its scheduling
and inventory practices. Figure 1-2 shows the supply chain before the implementation of IDF and
its expected configuration after IDF is completely implemented. As above, the filled arrows
represent the physical flow of material through the supply chain, whereas the unfilled arrows
represent the flow of information.
Before the implementation of IDF, each stage of the supply chain manufactured product
based on forecasts. The supply chain post-IDF shows the expected configurations once IDF is
fully implemented. IDF calls for production to be scheduled by actual consumption for each
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stage in the supply chain, from coating to distribution. Customers consume product from the
distribution centers. Based on inventory levels at the distribution centers, finishing replenishes
the products consumed by customers. In turn, coating replenishes coated product consumed by
finishing. While emulsion builds directly to order for coating, the IDF plan was to continue to
schedule support products (Estar and acetate) through forecasts.
For finishing, scheduling is driven by information from the distribution centers. Likewise
for coating and emulsion, inventory levels at subsequent stages drive scheduling in the supply
chain. For acetate and Estar, however, production schedules continue to be driven from the
forecast only; no consumption information from the subsequent steps in the supply chain is
provided.
or mr
Supply Chain Pre-IDF Supply Chain Post-IDF
Figure 1-2 Color Film Flow Supply Chain Before and After IDF
1.5 Problem Statement
IDF and cycle-time improvements are changing the production environment throughout the
supply chain. The acetate division is faced with the task of adapting to this new environment by
reinventing its scheduling and inventory policies. What should be the appropriate inventory and
scheduling policies for the acetate support division? Should acetate emulate the IDF structure for
all products? Is there one universal set of policies that should be applied to all acetate products?
Should acetate continue to use forecasts as planned under IDF?
This research evaluates the acetate manufacturing system and its environment and makes
recommendations for inventory and scheduling policies. Chapter two provides an overview of
the manufacturing system and its capabilities. Chapter three investigates the different types of
demand placed on the division and its ability to react to the demands. Chapter four provides an
11
overview of the recommended inventory and scheduling polices with detailed descriptions of
each policy type presented in chapters five, six and seven.
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2 Acetate Manufacturing System
2.1 Product Overview
The acetate division manufactures multiple products that are sold to both internal divisions
and external customers. Twenty representative products were chosen to be studied for this
research. Of the twenty products, nineteen satisfy demand internal to Kodak Park with the
remaining product being shipped to an external Kodak division.
2.1.1 Demand Volume Distribution
The following chart shows the demand for each of the 20 products studied as a percentage
of the total annual demand comprised by these products. As can be seen in figure 2-1, individual
products range from almost 50% of the demand to less than one thousandth of one percent of the
total demand. The top four products command almost 90% of the demand, whereas the lower ten
make up less than three percent of the total.
Figure 2-1 Acetate Demand Pareto
2.1.2 Product Characteristics
Film support is the transparent, thin, flexible plastic that carries a light-sensitive emulsion
through the camera. There are two types of support: acetate and Estar. The acetate process
begins with cellulose acetate, solvents, and other products being mixed together to produce a
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clear, honey-like liquid called "dope." The dope is filtered and processed to a pure state before it
is distributed to the acetate division through a permanent piping system. The dope is then slowly
coated on a large, highly polished wheel, weighing more than 30 tons, measuring 18 feet in
diameter and over five feet wide. As the solvents evaporate, a strong continuous sheet of film is
formed. The support then goes through a series of drying, dying and stretching operations before
being rolled into large rolls (Eastman Kodak Co. Communication and Public Affairs, 1998).
These completed rolls are of variable width and can be thousands of feet long. The finished
product has the appearance of a smooth polished surface with the feel of a thin sheet of plastic.
Along the edges there are knurls to aid in manufacturing and machine processing in subsequent
steps.
Figure 2-2 shows several completed rolls of acetate in queue for final packaging and
shipping. While each of the acetate products may physically appear to be identical, there are vast
differences between them from a chemical composition and performance perspective. Some
products are identical except for quality standards, while other products are chemically and
physically unique.
Figure 2-2 Finished Acetate Products
2.2 Manufacturing System Overview
The acetate division is characterized by multiple continuous process machines with varying
levels of flexibility that stand five stories high and several hundred feet long. The capabilities of
each machine vary based on age and technology. Some machines are many decades old, while
others are newer and use more recent technology. As a result, certain machines are better suited
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to produce specific products or families of products. Theoretically, each machine could be
modified to make every product; however, depending on the machine it may be a very difficult
and time-consuming process. As a result, it is assumed from the perspective of this research that
the machine flexibility cannot be modified in the short term.
2.2.1 Machine Reliability
Due to the continuous and delicate nature of the manufacturing process, machine reliability
has been, and continues to be, a major challenge for acetate manufacturing. While this paper will
not focus on machine reliability, it is important to understand the division machine capabilities in
order to establish appropriate inventory policies.
When an acetate machine is scheduled to go down for maintenance or to be out of schedule
for an extended time period, this is termed a 'planned shutdown.' The planners know when it
will be shut down and for what reason in advance. Unplanned shutdowns, on the other hand, are
just as the name implies. If a machine failure occurs and the machine stops producing good
product, it is considered an 'unplanned shutdown.' Historically a significant portion of the annual
machine time was in shutdown status. A recrash is a failure that occurs during the start-up
procedure. A large percentage of the unplanned downs result in recrashes.
Both planned and unplanned shutdowns are significant factors in the planning process.
Several machines may simultaneously be experiencing unplanned down time, making it difficult
to estimate when they will be available, given the high percentage of recrashes. The historic
result has been an evolution to large lot sizes and high inventories to mitigate the uncertainty of
machine uptime.
2.2.2 Machine Set-ups and Changeovers
When changing a machine from one product to another or just preparing it to start
production after a planned down, there is a series of start up or changeover procedures required.
The magnitude of the changeovers and the time required to produce acceptable product varies. If
a product changeover varies only by dye color or thickness, the changeover time can be minimal.
The machine continues to run waste while the changes are made. Once conforming product is
confirmed, then the product is considered good and packaged for inventory.
If, however, the machine is being changed from two dissimilar products, the magnitude of
the change could include different dopes, dyes, stretching or drying configurations. This would
require the dope and dye piping to be purged and staged, resulting in a much longer changeover.
15
In an effort to reduce changeovers and start-up time, internal efforts have been focused on
standardizing and documenting the procedures.
Starting a machine after being out of service for either maintenance or an unplanned down
tends to be much more complicated and time consuming, sometimes taking days. After the work
is complete on the machine, a specific start-up procedure must be followed by maintenance.
These start-up procedures have evolved from years of experience and are established to
minimized downtime, dirt, and foreign objects in the machine area that could potentially
contaminate product once the machine is running.
2.2.3 Production Yields
Production yields tend to follow an unpredictable step function behavior, making it difficult
at times for planning to accurately predict usable product to be produced. During start-ups and
after changeovers, it is expected that yields will initially be lower due to the time required to
adjust settings and achieve steady state. How long this takes may vary significantly. During a
start-up, good product may be achieved rather quickly with low yields lasting only a short period
of time. Other times, however, there may be difficulty in reaching the desired specification or
there may be an unknown source of contamination in the machine. Under either circumstance,
the time where waste or unacceptable product is produced may be significantly longer.
Likewise, a machine may reach steady state and product high yield product for many days
and then begin to experience contamination and 100% waste until the source of contamination or
problem is fixed. In general a machine is either producing good product or waste. How long and
when waste will be produced tends to be difficult to predict for planners and maintenance
personnel alike.
2.3 Production Planning
In order to establish production and inventory management guidelines, an understanding of
the current process or the process as it was before this research began and its implications must be
developed. Historically, the color film manufacturing flow was structured around independently
run and measured divisions. Each step in the color film flow was managed and owned by
independent organizations, creating inefficiencies throughout the supply-chain. While, in
September 1997 Kodak reorganized the color film flow by placing the entire manufacturing flow
under one leadership team, many of the scheduling practices and information technologies
remained unchanged until the introduction of IDF. Historically each division bought supplied
parts from other divisions as if they were an outside company. This resulted in two planners for
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each product. The planner at the upstream stage managed the "supplier," while the planner at the
downstream stage managed the demand from the "customer." The result was a complete
decoupling of actual demand and inventory at both the supplier and customer. In many cases the
inventory was owned by different stages in the process, yet was physically located in the same
warehouse.
Additionally, information technology systems were established to facilitate the old structure
of each stage treating the subsequent stage as a supplier under an MRP system. The result was
two planners affecting the acetate inventory levels: a coating support planner and an acetate
planner.
The coating support planner works for the coating division and is charged with making sure
there is enough support owned by coating for production coating runs. The support planner looks
at the coating schedule in the coming weeks and makes appropriate orders based on established
lead times for support. The orders she places on acetate do not necessarily equate to coating
production runs but may reflect her biases and efforts to maintain inventory and safety stock
levels as owned by coating. Her decisions are based on demand as scheduled by coating,
inventory as owned by coating, and the established lead-times for acetate.
The acetate planner schedules production based on demand as seen from the coating
support planner, inventory levels as owned by support, and internal capabilities and constraints.
The acetate planner has no visibility to actual coating demand nor inventory levels of support as
owned by coating. In general the demand placed on acetate was characterized by a high level of
volatility due to the bull-whip effect described in Hetzel (1993) and coating yield variation
described in Miller (1997).
This combination of demand and internal acetate supply uncertainty resulted in acetate
carrying high levels of inventory with a continued drive for long production runs. Increasing the
length of the production runs was further encourages by scheduling policies designed to minimize
waste associated with changeovers and startups. Each product had associated with it a minimum
run length that was determined by taking into consideration changeover costs and yield impacts.
It was also expected that the planner would combine demands to reduce the number of
changeovers.
17
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3 Demand and Supply Capabilities
A significant portion of the research time and effort was dedicated to developing a deep
understanding of the demand profiles of each product and the manufacturing system capability
used to satisfy that demand. Each product and machine was studied, resulting in the following
demand and supply categories.
3.1 Demand Types
Section 1.4 briefly discusses the transition from a forecast based manufacturing system to a
demand/pull based system for the entire film manufacturing flow. Under the IDF system, each
stage in the supply chain manufactures product based only on inventory levels (driven by
consumption at the downstream stage). For example, when coating inventory reaches a
predetermined level (re-order point), a request is made to the coating division to replenish the
inventory level within the agreed upon lead time.
Emulsions, however, are built to order for the coating division. Many of these products
have limited shelf lives or must be manufactured to the consumption lot size. As a result, Kodak
decided that the optimal model would tightly couple emulsion and coating. The lead time for a
coating, therefore, is the lead time to procure the emulsion plus the coating manufacturing lead
time. Coating inventory is adjusted to account for the overall replenishment lead time. Given the
complex nature of emulsion manufacturing and the inherent batch processing, emulsion
manufacturing lead times are very long when compared to coating lead times.
Coupling emulsion manufacturing and coating creates a fixed demand zone that acetate can
exploit. When it is decided that a film coating will take place at some time in the future, an
emulsion manufacturing order is placed. Given that a coating cannot be run until the emulsion is
complete and the order cannot be canceled (due to shelf life and scheduling policies), acetate has
a very reliable fixed zone that didn't exist before the integrated demand flow initiative. Each
emulsion product has a different lead time, resulting in unique acetate demand fixed zones that
can vary from days to weeks.
Products that place a demand on the acetate division twice a month are defined as
recurrent. That is, there is demand at least twice a month. Erratic demand is defined by a spiky
unpredictable demand profile. Each acetate product can be placed into one of three general
categories: recurrent demand and division capable of meeting demand inside fixed zone, recurrent
demand and division unable to react to demand inside the fixed zone, and erratic demand.
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3.1.1.1 Division Capable of Meeting Demand Inside Fixed Zone
Figure 3-1 shows a typical product demand defined as recurrent and within the division
capabilities. The chart is shown as daily demand over a period of one year. After taking into
consideration the emulsion and administrative lead times, the fixed zone was calculated to be 10
days. Since this product is easy to changeover and the demands are frequent, the team
determined that even a 95-percentile demand placed on the division could be satisfied within ten
days. Thus, the time required by the division to react to a 95-percentile demand is within the
fixed zone of 10 days. Thus, the division is capable of reacting to demand inside the fixed zone.
Product H Demand
1 7 14 21 28 35 42 50
Date (weeks)
Figure 3-1 Recurrent Demand within division capabilities
3.1.1.2 Division Unable to Meet Demand Inside Fixed Zone
Other products have a recurring demand similar to product H in figure3- 1, yet the lead time
afforded by the emulsion process is not long enough for the acetate division to react to a typical
demand. A typical demand may require more time to fill than the emulsion lead-time for a
variety of reasons. In some cases the product changeover time is long, requiring advance notice
and queuing. In other cases the demands are simply larger than can be manufactured in the given
machine time even if a machine is immediately available. With these products, the time for the
division to react to expected demand levels is outside the fixed zone.
3.1.2 Erratic Demand
A subset of the product demands on the acetate division follow erratic demand patterns.
Figure 3-2 shows a typical product demand characterized as erratic. In some cases the quantity of
the orders are relatively consistent but the time between orders is unpredictable, yet in other cases
both the quantity and time between orders is unpredictable. The reasons for these patterns are
varied and unique. In some cases consumer demand varies considerably due to buying patterns or
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incentive induced buying behavior. In other cases it is simply the product of downstream
manufacturing and scheduling policies. For the purpose of this research, it is assumed that the
variation of the demands are outside the immediate control of the division.
Erratic Demand, Product Q
1 7 14 21 28 35 42 50
Date (weeks)
Figure 3-2 Example of Erratic Demand
3.2 Machine Loading Strategies
As described in section 2.2, we assume that the flexibility of any given machine cannot be
modified. While this is not the case in the long term, it is a valid assumption for the short to near
term. Future research in the area of optimal machine flexibility and usage strategies is
recommended.
While the reasons behind the current machine loading strategies are complex and have
evolved over many decades, each machine can be grouped into one of four primary strategies:
dedicated machine with product built primarily on one machine, dedicated machine with product
also built on other machines, multiple products with the dominant product built only on that
machine, multiple products with the dominant product built across multiple machines. Each
machine loading strategy when coupled with the demand types has unique implications when
determining appropriate inventory and scheduling polices.
3.2.1 Dedicated Machine with Product Built Primarily on One Machine
Several machines in the division are 100% dedicated to a specific product that is only built
on that one machine. Other machines are capable of manufacturing these products but are only
used in the event of an emergency back up. The purpose of running one product on one machine
is due to the average demand being equal or less than the production capacity. This strategy
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eliminates changeovers and waste associated with starting a machine resulting in higher yields
and supply predictability.
3.2.2 Dedicated Machine with Product also Built on Other Machines
About half of the machines in the division follow the strategy of being one of several
machines 100% dedicated to a product or family of products. The machine is dedicated to
primarily run one product type to minimize changeovers and waste associated with starting
machines. Figure 3-3 show an example of this strategy from machine scheduling data taken over
a 30 week period in 1998. The chart shows the percentage of time that each machine was
scheduled to build product C. As can be seen, this product is built on three machines. Machine
10 and 19 are 100% dedicated and follow the strategy of a dedicated machine with a product
build across multiple machines. Machine 7, however, runs multiple products with product C
being the dominant product.
Machine 10 Machine 19 Machine 7
M
J 5% 0
13% 7% G
19%
C C C
100% 100% 56%
Figure 3-3 Dedicated Machine with Product Built on Multiple Machines
3.2.3 Multiple Products with the Dominant Product Built Only on that Machine
Figure 3-4 shows an example of the strategy where multiple products are built on one
machine with the machine dominated by one product that is only built on that machine. Again
this data was taken from a thirty-week period in 1998 and represents the percentage of time the
machine was scheduled to run a given product. Note that the machine is largely dedicated to one
product. In this case, 51 % of the machine capacity is dedicated to product F, with the remaining
49 % dedicated to 5 products.
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Machine 2
J
K 2%
16%
P
14% Q
8%
U
9%
|F
51%
Figure 3-4 Multiple Products with the Dominant Product Built Only on this Machine.
3.2.4 Multiple Product with Dominant Product Built Across Multiple Machines
Figure 3-5 shows an example of a product dominating one shared machine (machine 7) and
is also built across multiple machines. Note machine 7 is dominated by product C, which
accounts for 56 percent of its total machine time. However, product C is also built on machines
10 and machine 19.
Machine 10 Machine 19
C
100%
C
100%
Figure 3-5 Dominant Product with Product Built Across Multiple Machines
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M
J 5% O
13% 7% G
mo 
19%
C
56%
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4 Recommended Inventory Policies
Three inventory strategies are recommended for the acetate division to adopt: a fill-to, re-
order point strategy, a build-to-order strategy and a proposed Projected Inventory Position (P.I.P.)
strategy developed from this research. Figure 4-1 shows a graph of each acetate product as a
percent of the annual demand. The products are organized by recommended strategy as indicated
on the graph.
Figure 4-1 Recommended Inventory Policies by Product
In general, the lower volume products are to follow a fill-to, re-order point strategy. Under
this strategy, production is stopped after inventory is built to a predetermined level. When actual
consumption reduces the inventory level to its predetermined re-order point, a manufacturing
order is placed on the system.
Build-to-order products are to follow a methodology as the name implies. Product will
only be manufactured for demand within the fixed zone. When all demand within the fixed zone
is complete, production is to cease. These products will only be built against a specific order.
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Finally, the PIP model is a decision tool that helps the planner decide when to turn a
machine off and when to turn on an additional machine for products consistently being built
across multiple machines. The PIP projects the inventory position at the end of the fixed zone by
taking into consideration the current inventory level, the current production rate and the demand
inside the fixed zone. The resulting projected inventory level is compared against a set of limits
used to suggest when to turn a machine on and when to turn one off.
In order to integrate each of these policy recommendations into the daily planning process,
we propose the development of a software tool using Microsoft Access. The tool will facilitate
daily decision making by accessing relevant databases and automating calculations.
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5 Re-order Point Model
Six products were chosen to follow a re-order point (ROP), fill-to-level (FTL) inventory
model. Operation literature commonly refers to this model as the (Q,r) model (Nahmias, 1997),
where Q represents the lot size or fill-to level and r represents the ROP or the inventory level that
triggers a manufacturing order on the system.
5.1 Advantages to the Re-order Point Model
The primary advantages to a ROP model are that it is simple, robust and tolerant to demand
fluctuations. The sheer simplicity of it lends itself to practical use. Product is built until a
predetermined level is reached. Once inventory is established, demand can be filled without
regard to fluctuation or last minute changes in the schedule. It has a very high tolerance for
schedule and demand variation, even in the short term. Provided that the demand distribution
does not shift and the FTL and ROP are properly calculated, production can achieve the targeted
service level with very little risk.
The greatest advantage to the re-order point model in the context of this research is that it is
robust when faced with erratic demand. Four of the six products chosen to adopt the re-order
point model are characterized by erratic demand, which makes it difficult to plan for production.
This is especially true when fixed demand zones are short. The re-order point model holds a
relatively large amount of inventory in comparison to any individual demand, protecting the
division from erratic demands.
5.2 Disadvantages to the Re-order Point Model
The greatest disadvantage to the ROP model is that it pays no regard to known or forecast
demand. In many cases the future demand on the manufacturing system is known to some level
of certainty. The model, however, is based on historical demand behavior with no regard to
future demand knowledge. If there is future demand knowledge, there is a potential for the
manufacturing system to satisfy the demand with an equal or greater service level while
maintaining a lower average inventory level.
In the context of this research, four of the six products have considerably erratic demand
patterns. These demands are generally spiky. In many cases the ROP model may require the
manufacturing of product to the fill-to level within the replenishment lead time even though there
may be no known demand for several weeks.
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5.3 Criteria for ROP Model Selection
Six products were chosen to follow the re-order point model for one of the following reasons.
* Demand fixed zone too short for built-to-order model.
* Low volume as a percentage of division overall demand.
* Low percentage of machine time.
e Small demand quantities relative to minimum production runs.
Products K, J and F were chosen due to the demand fixed zone being too short to built-to
order. Ideally these products would have been built-to-order, however the emulsion lead-times
were too short when compared to the acetate manufacturing lead times required. Products M, N,
and P were chosen for the remaining three reasons. Each product made up less than one half of
one percent of the division demand and less than 5% of the demand on the machine where it is
produced. Additionally, the average order size of each of these products is small when compared
to the minimum run lengths, making it prohibitive to build to individual orders.
5.4 Re-order Point Model Structure
Figure 5-1 shows a graphical representation of the expected inventory cycle for a re-order
point strategy.
Order Cycle
FTL
ROP --------------------------- 
-
Replenishment Lead Time
Figure 5-1 Re-order Point Model
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Product will not be manufactured until the ROP is reached. The actual production lot size
varies depending on the inventory level when production begins. Production will continue until
the inventory reaches the FTL. The FTL was calculated to take into consideration two primary
concerns. First, it had to be large enough to guarantee a production run greater than the minimum
required, given the minimum production run is equal to FTL-ROP. This could happen in the
event that the day the re-order point is reached conditions are such that the manufacturing order is
filled before there is any additional demand for that product. Second, FTL was chosen such that
the average time between production builds is two months. That is, FTL-ROP should be at least
2 months of average demand.
The ROP was calculated to provide a 95% certainty that demand would not exceed the
ROP quantity over the replenishment lead-time. A typical calculation of the ROP assumes that
demand is normally distributed. Unfortunately, this was not a valid assumption in this case.
Rather than applying statistical distributions to the historical demand and making
inferences about future behavior, we chose to establish the ROP levels directly from historical
demand. The demand for a given product was graphed with a rolling sum equal to the
replenishment lead-time. Then a line was established along the 95 percentile of the moving sum
to determine the re-order point to be used by the division. Given the assumption that historical
demand is a fair estimation of future demand, this method works well. Figure 5-2 is an example
of the chart' used to calculate the re-order point for product M.
- Daily Consumption Product M Reorder Point
30 Day Rolling Sum
- Percentile of Rolling Sum
Service Level = .95 Replenishment Lead time = 30 days
18
15
12
9
6
3
0
Daily Demand
Figure 5-2 Sample ROP Calculation Chart
The chart presented is a modified output of Kodak's internal re-order point calculation worksheet.
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As can be seen, the individual demands are graphed with the 30-day rolling sum, where
the replenishment lead-time was assumed to be 30 days. The 95 percentile of the 30-day rolling
sum in this case is 12.8, indicating that 95 percent of all of the rolling sums over this time period
are less than 12.8 units. To production this means that whenever a reorder point is reached, 95
percent of the time the demand over the next 30 days will be less than 12.8.
5.5 Strategic Filler
The replenishment lead-time used for the re-order point calculations was either 30 or 21
days. The actual minimum lead-time required to replenish product on any one product is much
less. Choosing a 30 or 21-day window in which manufacturing can replenish the product
provides them with strategic demand filler. Strategic demand describes a demand with the
flexibility to be used optimally during the replenishment lead-time. It allows for the demand to
be shelved and executed when conditions are optimal rather than placed in a queue for the next
available machine. The need for providing strategic fillers is driven by high start-up costs and
product sequencing considerations.
5.5.1 High Start-up Cost
As mentioned in section 2.2.2, the cost of starting and stopping a machine is significantly
greater in both terms of time and waste generated than the cost of changing the machine over
from one product to another. The result is that it is often more economically desirable to build
excess inventory than to shut the machine down. Strategic filler provides the alternative of
building only needed product by having a flexible demand in queue to place on the machine when
other demands are satisfied yet it is economically unwise to shut the machine down.
5.5.2 Sequencing Considerations
The differences between acetate products vary from unique chemical composition to
identical products with different quality standards. In some cases, the difference may only be the
color of a dye or the type of knurls required. In yet other cases, the chemicals being fed to the
machine are completely different; requiring a purging of the chemical feed pipes. As a result, the
time to changeover the machine from one product to another varies and must be considered by the
planner when scheduling the machines. Historically varying changeover costs have been
minimized by following rigid or rule-of-thumb sequencing patterns. As Hetzel (1993) points out
for Estar scheduling policies, "when utilization is low, Roll Coating might be missing an
opportunity to reduce inventory or reduce lead times by [not] changing the setup sequence." The
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study concludes with a recommendation to "resist the temptation to have fixed product
sequences." Strategic fillers provide the flexibility to optimally adjust sequences by allowing
flexible demands to be available to the scheduler.
5.6 Future Recommendations
The value of this research lies in the structure it provides and not in the specific parameters
calculated and recommended. As changeover costs, machine reliability and waste are reduced,
the parameters suggested in this research will be rendered obsolete. For example, as changeover
time and cost are reduced, it may be that the fill-to quantity can be significantly reduced, resulting
in a lower average inventory level. Likewise, the ability to build products in smaller lot sizes
may reduce the need for strategic filler and/or the replenishment lead-time required, allowing for
a reduction in the re-order point. We recommend that the parameters be reviewed frequently to
ensure they represent the current capabilities of the manufacturing system.
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6 Build-to-order Model
The build-to-order concept is not entirely new to the acetate division. There has always
been a drive to build product to specific orders in an effort to maintain the lowest levels of
inventory. Unfortunately lead-times, manufacturing capabilities and demand uncertainty have
prevented acetate from building to order effectively. As this research presents, however, building
to order all products is not the optimal solution given the current information systems and
manufacturing capabilities. It is proposed that nine of the 20 products studied follow a build-to-
order process of filling manufacturing orders. Product is only to be manufactured for demands
within the firm zone as defined in section 3.1.
6.1 Build-to-order Process
The acetate planner has visibility of product orders (for sensitizing runs) for several months
from the present date. Only demands inside the emulsion lead-time are considered fixed or will
not change with a high degree of certainty. The build-to-order process will only allow the
planner the flexibility to build or schedule product on the acetate machines for orders within the
predetermined lead-time, anything outside the lead-time cannot be considered.
Imagine a product that has a three-week lead-time. The planner identifies that three weeks
out a large order has entered the fixed zone. She now knows with a high degree of certainty that
the order will not change significantly in volume or by date. A quick calculation shows that
approximately 5 days of machine time is required to build the order. With that known, she can
wait up to sixteen days to see if another order comes into the horizon or build it some time in
between, depending on what is best for sequencing and machine availability. Once production of
the specific product begins, manufacturing can only build the product until all orders within the
lead-time are satisfied. Even if a large order is visible three days outside the lead-time, they
cannot build it. Additionally, there is no requirement to build all orders within the lead-time once
production begins. Manufacturing may elect to build what orders are immediately necessary
before changing over to another product even though orders exist within the lead-time. By
following this procedure, inventory is guaranteed to be less than the demand over the fixed zone
or lead time (in this case three weeks).
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6.2 Criteria of Build-to-order Selection
In order to consider a product for a build-to-order strategy, it had to meet at least one of the
following criteria.
* Demand fixed zone inside division capabilities.
* Manufacturing rate greater than the average demand over the lead-time.
6.2.1 Demand Fixed Zone Inside Division Capabilities
In order to build products to order, the manufacturing system must be able to react to
demands within the demand fixed zone. If the division needs on average 14 days to fill an order,
and the lead-time is determined to be 10 days, building product to firm orders is not feasible. In
this case the division must either build product to inventory following the ROP model, or
continually build product at a varying rate as prescribed by the projected inventory position
model discussed later. Each of the recommended build-to-order products was analyzed to
confirmed that the division could indeed build it within the determined lead-time.
Products F, J and K were initially identified to follow the build to order policy. After
careful analysis of the lead-time, however, we realized that the division would not be able to build
these products to order, forcing a transition from a build-to-order to a ROP strategy.
Similarly, Product B was initially identified to follow the Projected Inventory Policy to be
discussed later. It was later, however, transitioned to the build-to-order policy since it is the only
product manufactured in the division that is not consumed in Rochester, NY. It is manufactured
for consumption at a foreign facility; therefore, the normal scheduling and lead-time policies do
not apply. Rather Inter-Plant Ordering (IPO) policies apply, which provide for a much greater
fixed lead-time. Given the unusually long fixed lead-time, the division is capable of building
these products to order rendering any other policy sub-optimal.
6.2.2 Manufacturing Rate Greater than the Demand Over the Lead-time
In order to follow the build-to-order strategy on a given product, the manufacturing rate
must be greater than the 99-percentile demand rate over the fixed zone by a significant factor. If
this is not the case, there exist the possibility that the demand rate will exceeds the manufacturing
production rate over the fixed lead-time. This is not necessarily a bad scenario and is in fact one
of the driving forces behind the development of the projected inventory position model to be
discussed later. It does not, however, necessarily lend itself well to the build-to-order policy. If
the build-to-order strategy were applied, a machine could potentially build the existing orders
within the manufacturing lead-time for a given product, shut-down or changeover only to find a
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new order on the system within one or two days. This would then require it to once again switch
over to the original product immediately. Under this scenario, it would have been better to build
ahead of demand to the appropriate level of inventory rather than incur the start-up or changeover
cost. If there is not a significant mismatch between the production rate and the demand rate, then
the high changeover and star-up costs of the acetate manufacturing system tends to render the
build-to-order policy sub-optimal.
6.3 Lead-time Analysis
In order to follow a built-to-order strategy, the division must be able to fill any demand
within the demand fixed zone. Determining this capability requires both an understanding of the
fixed zone as well as defining supply capabilities.
The lead-time or demand fix zone is the time frame where demand in both quantity and
time do not change. As previously described, this is largely a function of the shortest emulsion
lead-time. Once an emulsion order is initiated, the coating schedule has little flexibility due to
emulsion shelf life. Emulsion lead-time, however, is not the only factor defining the actual
acetate demand fix zone. Listing time (6.3.2) and coating smoothing days (6.3.3) are also key
consideration.
6.3.1 Multiple Emulsions
Each acetate product is used in multiple coating products. As a result, the type of emulsion
used and subsequently the lead-time can vary by acetate order. For example acetate Product E
may be used for 5 different coated products, each with a different emulsion requirement and
unique lead-time. Due to the uncertainty as to which coating product a given acetate product may
be used for, the lead-time calculations use the shortest emulsion lead-time or the most
conservative case.
6.3.2 Listing
Listing is defined as the time required for the "lister" to properly evaluate the length and
characteristics of the acetate rolls and place them on an optimal sequence list for the coating run.
While rolls of acetate are theoretically interchangeable, there is an optimal sequencing of rolls
during the coating, based on individual lengths and product characteristics. It is the job of the
lister to evaluate the rolls in inventory and sequence them for the coating run. In general one or
two days are required to allow the lister time to evaluated the rolls and establish the proper
sequencing. The consequence of this is that the acetate rolls for a scheduled coating must be
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ready at least two days before they are actually needed, effectively reducing the lead-time by two
days.
6.3.3 Smoothing Days
The Integrated Demand Flow structure provides for some limited flexibility in scheduling
for the coating operation in order to pool daily demand variation. This flexibility is defined as
"smoothing days." Imagine a coating scheduled 15 days from the time an emulsion order is
initiated. The planner for the coating division has the flexibility to schedule the coating on day 15
to 20 (in this case we use the example of 5 smoothing days). The coating capacity cannot satisfy
one day peak demand, however with a pooling of variation it can satisfy any 5 day peak demand.
In many or even most cases, the coating will occur in the first few days; however, by allowing the
appropriate smoothing days in the scheduling of coatings, coating can meet peak demand over the
defined smoothing days.
When taking into consideration smoothing days, the actual required lead-time for acetate to
deliver product varies depending on how many smoothing days are used in the schedule. If
product is coated on the fifth smoothing day due to high demand, then the acetate product is
needed 4 days later than if the coating were to take place on the first smoothing day.
Unfortunately, on which smoothing day the coating will actually take place is not always
predictable, therefore, the lead-time for acetate to deliver usable product for coating is equal to
the emulsion lead-time minus the listing days required. This is the effective lead-time. Any
additional lead-time days due to smoothing cannot be considered. However, in extreme
circumstances the smoothing days can be used to adapt the schedule for late acetate deliveries.
Figure 6-1 graphically shows the components of the lead-time calculation.
Emulsion Lead-time
Y Y
Effective Acetate Lead-time Acetate Coating
Listing Time Smoothing Days
Figure 6-1 Lead-time Calculation
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6.4 Inability of Acetate to See Coating "Triggers"
The success of the build-to-order strategy depends on the acetate division's visibility of
coating triggers. A trigger is defined as the initiation of a manufacturing order to replenish coated
inventory. When the inventory level of a coated product reaches the ROP point, it is "triggered,"
initiating an order to build emulsions for the coating as well as scheduling the coating in the
smoothing days window. Unfortunately, current information systems do not readily allow
acetate to see coating triggers, making it difficult to effectively build products to order. In the
short-term, we decided to place a manual "marker" in MRP to identify demand inside and outside
the emulsion lead-time. In the medium term, a Microsoft Access based software tool is being
developed to provide visibility to coating triggers. In the long term, ERP software
implementations and applicable bolt-on applications will allow for the proper visibility.
6.4.1 Manual MRP Marker
As described in section 6.3.3, we calculated the lead-time for each acetate product using
current emulsion lead-time and listing requirements. With this information defined, a marker was
placed in the MRP system to identify which demands placed on the division are inside the
emulsion lead-time and which demands are outside the emulsion lead-time. It is fair to assume
given the current internal policies that if a demand is inside the emulsion lead-time, then a coating
trigger has occurred and an emulsion manufacturing order has been initiated. This is a simple yet
effective approach to provide acetate the visibility necessary to build products to order.
While this approach is effective in the short term, it is not sustainable in the long term and
is far from optimal. As improvements are made in the emulsion division and lead-times are
shortened, the MRP marker may become inaccurate. Care must be taken to continually calculate
the firm zone or actual emulsion lead-time.
Additionally the marker must be placed to the minimum lead-time required by any coating
order for a given acetate product. As described in section 6.3.1, multiple emulsion lead-times
exist for each acetate product. Since acetate does not have visibility as to which coating type the
acetate order will be used for, the lead-time must sub-optimally represent the shortest lead-time.
If the coating type were known, the corresponding lead-time could be calculated.
6.4.2 Enterprise Resource Planning Software
Recently Kodak announced plans to implement SAP enterprise resource planning software
company wide. This is a long-term product rollout that will not immediately affect acetate and
the way it does business. Eventually, however, the information systems will be revised to allow
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visibility to information currently not available. Additionally, inventory management and/or
supply-chain ERP bolt-on software will be installed. This software should not change
fundamentally the approach to managing inventory and scheduling production; rather it should
facilitate it. (Building to order as described in this chapter should be facilitated as information
becomes more available.)
6.5 Estimated Inventory Levels
To estimate inventory levels for the nine built-to-order products, we observe that inventory
levels cannot be greater than the maximum demand over the lead-time. The inventory level will
fluctuate between zero and the average demand over the lead-time. Therefore, we estimate the
average inventory as simply half the average demand over the product lead-time.
6.6 Conclusion
The ability to implement an effective build-to-order strategy is the direct result of the
Integrated Demand Flow initiative and flexibility afforded by implementing the ROP strategy.
Before the IDF initiative, the business rules were not in place to provide enough predictability
and certainty in coating behavior in order to build acetate products only to orders. Acetate orders
were not necessarily driven by coating requirements, allowing for erratic behavior sometimes
only days before an order was to be filled. Under those circumstances, a true build-to-order
policy was impossible. With the IDF business rules in place and the elimination of forecasts,
coating scheduling and inventory behaviors are predictable and business rules are adhered to.
This has allowed for the successful implementation of a build-to-order policy for the identified
products.
Additionally, the implementation of the ROP strategy for a subset of the products has
allowed for the manufacturing flexibility to build other products to order. By building the ROP
products less frequently and with the strategic filler discussed in section 5.5, manufacturing has
the increased capability and flexibility to react to demands within the lead-times identified.
Since the completion of this research in December 1998, acetate has built the identified
products to order using the manual MRP marker as a fixed zone identifier. It is projected that a
mid-term solution Daily Signaling Tool will be complete in April 1999.
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7 Projected Inventory Position Model
We propose that products A,C,D and E follow the Projected Inventory Position (PIP) model
as developed in this research. The PIP model is a decision tool to assist the acetate planner in
making appropriate decisions with regard to scheduling. It does not provide absolute answers;
rather it provides the insight and the guidelines necessary for the planner to make informed
decisions with regard to optimal inventory levels and scheduling policies.
Product A, C, and D were chosen to follow a PIP inventory model due to several common
characteristics. Each product is built across multiple machines with at least one machine running
at all times. The decision faced by the planner is not when or how much product to schedule, but
how many machines should be running at any given time? When should we start another
machine? At what inventory level should we elect to turn a machine off? For example, product
A has eight machines virtually dedicated to its production. There are times when only two or
three machines are running and may run for several weeks. There are other times, when all eight
machines must be ramped up to meet demand. The PIP model is a rate-based model designed to
help the planner decide when to throttle optimally the number of machines manufacturing the
given product.
Product E is similar to products A, C and D in its needs, yet it is only built on one machine.
The demand rate and the production rate nearly match. Applying a re-order point model to such a
product would be difficult since inventory may struggle to get ahead of demand. Likewise,
applying the build-to-order model would not work given the need to get ahead of demand in order
to meet the short term demands that exceed short term capacity. Inventory must be accumulated
in order to satisfy the long-term average demand.
7.1 Projected Inventory Position Model Overview
The PIP model suggests policies based on the calculated projected inventory position (PIP)
at the end of the fixed zone or lead-time, which is calculated by the following equation.
PIP = Current Inventory + (Production rate *Lead time)- Demand over the leadtime
From the equation we can see that the PIP is the inventory level we expect to reach at the
end of the demand fixed zone if nothing changes. The equation starts with the current inventory
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and adds what is expected to be produced assuming that the current production rate will continue
over the lead-time. The expected inventory level at the end of the fixed zone is then reduced by
the known demand.
The calculated PIP is compared to an upper and lower limit. If the PIP is above the limit,
then the planner should reduce the production rate by turning one machine off. If the PIP is
below the lower limit, then the planner should increase the production rate by scheduling a
machine to be started. In some sense the PIP model can be likened to a forward looking kanban.
The future or expected level of the kanban is calculated and a decision is made now rather than in
the future with regards to production rate. It is important to note that the PIP is an estimation or
expectation that will never actually be reached. For example, the actual realized production over
the lead time may vary as a result of a machine going down unexpectedly or a decision to start
another machine.
Figure 7-1 is a simple simulation to illustrate the role and use of the PIP model on a daily
basis. The simulation is based on historical demand. Using a simple deterministic ExcelTM
spreadsheet, we input the historical demand and PIP limits to simulate what decisions would have
been made during this time period had the model been used.
Product A PIP Simulation Machines
-PIP
6
Upper 5
Limit 
-4
# Machines
3 Running
2
Lower
Limit
0
1 11 21 31 41 51 61
Day
Figure 7-1 Product 'A' PIP Simulation
The left-hand axis is the Projected Inventory Position in inventory units. The right hand
axis represents the number of machines that are running. On day 1 the projected inventory
position is in between both the upper and lower limits. (In other words, as of day 1 the inventory
level is projected to be between the limits on day 18.) Each day the PIP is calculated and as can
be seen, for the first week and a half no action is taken. Around day 15, however, the simulation
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predicts that if no action is taken the inventory level will reach the upper limit. The simulation
then reduces the number of machines running from five to four. The PIP is then recalculated
using the reduced production rate, resulting in a PIP once again below the upper limit and above
the lower limit. Had the PIP remained above the upper limit despite turning one machine off, it
would have been necessary to turn a second machine off.
The remaining four machines continue to run and the PIPs remain within the limits. It is
not until day 24 that the PIP predicts that the inventory will be below the lower limit at the end of
the fixed zone if nothing is changes. The resulting action is that a fifth machine is turned on,
once again bringing the PIP back into the acceptable zone.
Around day 48 we find the simulation running at a rate of three machines and the PIP
dips below the lower limit. Even after the start of a fourth machine, nevertheless, the PIP stays
below the lower limit requiring an fifth machine to be started. While the PIP goes well below the
lower limit, the inventory level never reaches zero. It should be remembered that the PIP is a
projection of what will happen if nothing is done now. However, it does allow enough time to
react if action must be taken to avoid reaching the projected inventory position.
7.2 Criteria for PIP Model
As described in section 7.0, products A,C,D and E were selected for several shared
characteristics, such as being built across multiple machines and a continuous demand requiring
at least one machine to always build product. In more general terms, these characteristics define
the need for the PIP model.
* Step function production rate.
* High start-up costs.
* Limited start-up resources.
" Firm demand fixed zone.
Perhaps the defining characteristic for the PIP model is a step function in production rate.
If a manufacturing system has a production rate step function, there will exist the trade-off of
running at a higher rate than demand and building too much inventory versus running at a lower
rate than demand and risking stocking out. Unfortunately, always producing at the actual demand
rate is not an option. Under these circumstances, the PIP model provides a quick reference for
balancing both concerns and defining at what point it is optimal to reduce or increase the
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production rate by the next step. The limits are optimized to balance the optimal inventory given
the required service level.
Relatively high start-up cost characterized the acetate manufacturing system. Again,
under these circumstances there exists the balance of building unnecessary inventory versus the
high cost of turning the machine off or changing it over to another product. In response to this,
we set the PIP model limits to balance the tolerance of changeover frequency with the cost of
carrying inventory. This can be a particularly important consideration given manufacturing
systems have limited resources for changeovers, say, due to the limited personnel or time that can
be dedicated to changing machines over.
7.3 Advantages of the Projected Inventory Position Model
Given the specific characteristics of the acetate manufacturing system, the PIP model
provides several advantages over traditional inventory management models. Perhaps the greatest
advantage is its ability to take into consideration both current inventory levels and future demand.
Traditional models such as the base-stock, re-order point or kanban, have limitations when
applied to a manufacturing system with these characteristics. Additionally, these traditional
models are inappropriate as they don't easily reflect the acetate replenishment process, namely
that the production rate can be adjusted in a step function fashion after some lead time.
Advantages of the PIP model are as follows:
e Considers both demand and current inventory levels.
" Limits can be optimized.
* Very simple for a complex system.
" Provides flexibility for "what if' scenarios.
7.3.1 Use of Demand and Inventory Positions
As previously described, the model considers three components in order to calculate the
PIP: future demand over the fixed zone, current inventory level, and production rate. Perhaps the
greatest advantage the PIP model has over many other models is that it is forward looking. While
other inventory systems exist that take into consideration all three components, the PIP model
combines all three pieces of information into one easily assimilated piece of information, the
Projected Inventory Position. The PIP itself can then be easily used to drive the desired behavior.
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7.3.2 Optimization of Limits
The PIP limits and the business rules used by an organization can be adjusted and
optimized in order to achieve the desired result. In the case of the acetate division, the number of
start-ups, the days allowed until a machine must be up and running, the number of days a
machine must be down and several other constraints were input into the limit calculation in order
to establish limits that achieved all the desired results while maintaining the lowest level of
inventory.
7.3.3 Simplicity
It would be unreasonable and at best difficult for a planner to take into consideration all of
the many constraints when scheduling on a daily basis. The strength of the PIP model is that all
of the constraints can be reflected in the limits. Once the limits are established, the daily process
is very simple and consistent. The planner compares the PIP to the limits and takes the
appropriate action. While the process is simple, the desired behavior can be achieved by
establishing the proper limits and business rules.
7.3.4 Scenario Planning
Additionally, the PIP provides for quick and easy "what if' scenarios. It is common place
in the acetate division and most manufacturing systems for planned and unplanned events to
affect the production rate. When planning temporary production rate changes, for example taking
a machine down for several days to conduct preventative maintenance, the PIP allows for a
simple evaluation of the affects of the change. The planner can simply adjust the production rate
by the expected loss production and calculate a new PIP. The new PIP is then used to make the
appropriate decision. Additionally, if a machine goes down unexpectedly, the affects of the loss
production can easily be evaluated by calculating a new PIP.
7.4 Disadvantages of the Projected Inventory Position Model
While the proposed model has many advantages as compared to existing models, there are
several disadvantages to its implementation, both in this application and in general terms.
Disadvantages:
e Difficult to project machine schedule.
e May allow for short-term stock outs.
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7.4.1 Machine Scheduling Challenges
The PIP model reacts to conditions on a daily basis. Based on the PIP, a decision is made
whether or not to start or stop a machine. It gives very short machine utilization notice and
assumes machine availability. In an environment where machines are scheduled, weeks or even
months in advanced, this can create a disruptive shift in policies. In the case of acetate, historical
policy was to establish a three-month schedule for expected machine usage. This allowed for
maintenance and other organizations to adequately plan resources for start-ups and preventative
maintenance. Shifting to the PIP model has and will continue to drive fundamental shifts in the
way maintenance and other events are scheduled. Some organizations may consider this a
weakness of the model, where others may view it as its fundamental strength. In the case of
acetate, it creates unique challenges to the organization.
7.4.2 Short-term Stock-out Potential
Another potential disadvantage to the model is the possibility for short-term stock outs to
be ignored or not taken into consideration. The PIP continually looks out to the end of the
demand fix zone to make decisions today. If, however, there is a disruption in the system (as
there always will be) there is the potential for a PIP at the end of the fixed zone to indicate that no
action should be taken by the planner. However, halfway through the fixed zone a stock-out may
be projected to occur and could easily be avoided if action is taken. Figure 7-2 shows an example
of how this can occur; it was constructed from actual demand and production rate data of one of
the four acetate products recommended to follow the PIP model. In this case a demand fix zone
of 18 days was chosen for illustrative purposes.
Daily PIP
Lper Limit
0.
Low er Lirit
20 23 26 29 32 35
Day
Figure 7-2 Sample Daily PIP Chart
Figure 7-2 shows the expected projected inventory position from each day out from the
present until the last day of the demand fixed zone. As the model is designed, however, decisions
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today are only based on the PIP at the last day of the demand fix zone. As can be seen above, the
PIP falls squarely in between the upper and lower limit on day 38. This would suggest that no
action be taken by the planner to change the current production rate. However, around day 31 the
simulation predicts a stock out to occur unless action is taken beforehand. The reasons for the
phenomenon are varied. In this case the model was just implemented concurrent with the
traditional scheduling policies. As a result, the day the stock out is projected to occur was not
previously evaluated by the model, as it would have been had the model previously reached a
steady state. Another reason why this can occur is the fact that the model makes a decision for a
specific day eighteen days in advance (in this case) and then never re-visits that specific day.
Each day a PIP is calculated for a new day.
While this can be considered a weakness of the model, it is in no way catastrophic. In the
case of acetate, we simple made the daily PIP as shown above available to the planner. Decision
should be made based on the end PIP, but consideration certainly should be given to the in-
between days. This also provides a significant advantage in the what-if scenario. Imagine the
need to turn a machine off for two days in the next couple of weeks. The planner can easily see
from the above chart that taking a machine out before day 31 would create a problem. Taking the
machine out after day 31, however, would not pose an immediate threat.
7.5 Projected Inventory Position Model Limits Calculation
Perhaps the greatest challenge with the PIP model is the proper setting of the limits. The
limits must be set to achieve the desired result given the limitations and constraints of the
manufacturing system. If the limits are set with the expectation of achieving a certain average
inventory level and service level, yet it was unreasonably assumed that a machine could be started
in one hour, the model will fail. Likewise, if it is improperly assumed that a machine needs three
days to be started when in really only needs 5 hours, the lower limit will most likely be too high,
resulting in the system holding more inventory than is required.
The approach taken to set the limits for Kodak's film acetate division was to create a model
using historical demand data. Using the model, varying limit combinations were evaluated to
establish initial limit starting points. Once the PIP model is fully implemented, the resulting
behavior of the manufacturing system will be observed and adjustments to the limits will
continually be made to the PIP limits. Additionally, when improvements to the system are
achieved, the limits must be adjusted. For example, if start-up time or mean time between failure
is reduced by 30%, the limits need to be adjusted to reflect the gain from the performance
improvement.
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7.6 Simulation Interface
In order to evaluate quickly the effects of improvements and changes in the limits, the
simulation was designed with an easy user input field. Figure 7-3 shows the inputs and outputs of
the simulation. (Note the simulation is based on a historical demand profile input by the user.)
Figure 7-3 PIP Model Inputs and Outputs
The first four fields represent the user inputs. Machine rate represents the effective
machine rate after taking into consideration the mean time to repair and mean time to failure. In
other words, on average what is the good product per time unit produced on a machine? Fields
two and three are the PIP limits. These are the PIP levels at which the simulation will
recommend turning a machine off or on depending on the PIP and other constraints in the model.
Finally, the number of machines at the start of the simulation is up to the discretion of the user.
While in the long run this has little or no bearing on the actual outcome of the simulation, it is
recommended the number of machines be adjusted to facilitate reaching steady state as soon as
possible. If for example, the user start with one machine running when the current demand rate
would call for six, the simulation will take some time to catch up from the negative position and
may skew the results.
The bottom six fields represent the output from the simulation. The first output is the
percent days negative. This is simply the number of days that the inventory position is negative
and is used to determine the service level. Note that it is assumed that a negative position does
not result in lost demand. The simulation must catch up on any backlog. If a manufacturing
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system, however, is better characterized by lost demand if a due date is missed, then the
simulation would have to be modified.
The next three fields are 'average inventory'; 'max inventory' and 'min inventory'
respectively. This gives the user an understanding of the expected inventory levels given the
proposed PIP limits. Note the max inventory is greater than the PIP and the min inventory is less
than the PIP. Again the PIP limits do not directly translate into inventory levels, rather projected
inventory levels. The simulation provides a translation from PIP limits to expected inventory
levels.
Finally, the simulation gives the number of machine starts and stops as an output. This
provides insight into the number of times that the manufacturing system can expect to start and
stop machines over the time frame studied. If the system has limited start up/stop resources, then
it would have to be taken into consideration when evaluating limits.
7.7 Simulation Calculations
Figure 7-4 shows a two-week sample of the simulation. While the actual simulation is
much larger and complex (incorporating over a year of daily demand data), figure 7-4 is adequate
for illustrative purposes. Using Microsoft ExcelTM, we entered historical demand into the
spreadsheet. The simulation uses the demand data to evaluate quickly the implication of limits
and constraints of the PIP system. Each day a projected inventory position is calculated for the
last day of the lead-time. For example, day one has a PIP of 1685. In other words, the simulation
predicts the inventory on day 15 to be 1685 given the demand over the next 15 days, the current
number of machines running, and the current inventory.
1 4 0 4 1685 220 467 2
2 120 553 700 73 1
8 7 678 -63 73 16 020 7
............0 079 85 731
12 0 12_ 729~ 146 2
13 _ 0 _ 1307 653 146 2
14 0 1453 862[ 146 2
Figure 7-4 Sample of the PIP worksheet
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The limits used in this example are 1600 for the upper limit and 325 for the lower limit.
If a PIP of 1600 or greater is calculated then the number of machines is reduced by one. On the
other hand, if a PIP equal to or below 325 is calculated, then the number of machines is increased
by one. Several other constraints are added to the system as well.
Constraints:
e If a machine is shut down, another machine cannot be started for seven days.
* If a machine is started, another machine cannot be stopped for seven days.
e Days of negative inventory (stock out) must be less than 5%.
Each of these constraints was incorporated and can be seen in the sample of the simulation.
For instance, the simulation starts with two machines running but immediately drops to one as a
result of the PIP on day one being greater than 1600. On day six, however, the PIP drops below
325, yet a machine is not turned on until day nine. This is reflective of the constraint, when a
machine goes down another machine cannot go up for at least seven days. Note that while the
PIP goes negative on day eight, the inventory level never goes below 782.
7.8 Simulation Graphical Output
In addition to the numerical output show in figure 7-4, the simulation also gives a graphical
output of the expected behavior of the manufacturing system. Figure 7-5 shows two graphs. The
top graph is the same graph shown in figure 7-1 and represents a two-month period of the
simulation run for product A.
Product A PIP Simulation Machines
PIP
Upper '5
Limi4 4
N-0e 2
Lo vr 1
1 11 21 31 41 51 61
Days
Product A, Estimated Inventory with Actual Demand
1 11 21 31 41 51 61
Days
Figure 7-5 PIP Model Graphical Output
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The graphical output in figure 7-5 helps to develop an intuitive understanding of the limits,
the constraints on the system, and how they translate into long term behavior. From the top graph
we can see the actual PIP values and the corresponding actions taken in the simulation. The
lower graph shows the corresponding inventory levels and the actual demands. The shaded area
represents the expected inventory levels as predicted by the simulation. The bars represent the
historical demand placed on the system during this time frame. As the user makes changes to the
PIP limits, production rate or other constraints, the long-term affect in the form of inventory and
service level can easily be understood from a graphical output.
7.9 Predicted Inventory Levels Versus Historical Inventory Levels
To validate the simulation, a comparison of the inventory levels predicted by the simulation
and actual inventories was graphed in Figure 7-6. The top line represents the actual inventory
levels of Product A over the randomly selected time frame graphed. The lower line represents the
inventory levels predicted by the simulation under the PIP process. The bar graphs along the
horizontal axis represent the actual demands over this time frame.
Product A PIP Simulation
1 8 15 22 29 36 43 50 57
Days
Demand - Model Projected Inventory Historical inventory
Figure 7-6 PIP Model versus Actual Inventory Levels
As would be expected, the simulation shows a similar inventory behavior as it responds to
the demand. Under the PIP process, however, it is estimated that the average long-term inventory
level is 29% lower than what was realized under the traditional inventory and scheduling policies
in the acetate division. While the predicted inventory reduction is significant, once the PIP model
is fully implemented into the division, inventory reduction are not expected to be to this level of
magnitude. Since this simulation was run, the acetate division has made significant efforts to
49
reduce inventory levels and cycle-time by optimizing the current scheduling system. The PIP
model does, however, expect to provide a higher service level, simplicity and a structure to
realize inventory reductions as improvements are made in the manufacturing system.
7.10 Setting Limits
The approach taken to set the limits for PIP products was to evaluate multiple
combinations of upper and lower limits using the simulation and select the best combination to
achieve the desired results.
7.11 Limits Insight
As mentioned previously, the PIP limits themselves do not represent actual inventory
levels, rather they are a virtual set of limit established to drive the appropriate behavior for
scheduling and inventory policies. What then do the limits represent? The minimum limit
represents the minimum projected inventory position we are willing to project in order to protect
against stock out. Why is this the minimum? First, there is variability around manufacturing and
its ability to meet the projection. If we project a PIP of 100 units at the end of the fix zone and
are only confident + / - 150 units, then we should increase the production rate by starting an
additional machine. If the production rate is not increased, there is a high probability that
manufacturing variability will result in a stock out. Therefore, one element of the lower limit is
to protect against production variability over the fix zone.
Additionally, our position at the end of the horizon should be such that if short term
demand beyond the fix zone outstrips capacity (remember the PIP model does not look beyond
the fix zone due to the unreliability of the demand), we will have enough inventory to cover
demand beyond our production capability to produce. The PIP model watches changes in the
front end and the back end of the fix zone every day. As one demand drops off or is filled, the
inventory is adjusted and a new demand enters the horizon. Therefore, from a theoretical
standpoint, the PIP doesn't really represent a future inventory position at all; it represents a
snapshot of a future position that will never arrive. Imagine for a minute that we are at capacity
over the horizon and the PIP is zero, i.e. at the end of the fixed zone, we expect to have zero
inventory. If a new demand enters the fixed zone that exceeds our one-day capacity, then we will
be unable to meet that demand when the time arrives. That is, we project to be at a position of
zero, and one day of production will not satisfy the new demand. Likewise, the next day a
demand enters the fix zone that exceeds our two-day capacity, when including yesterday's and
today's demand. This could continue until we reach some point when capacity "catches" up to
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demand. The lower PIP limit should be high enough to cover the potential short-term inability of
production to meet demand beyond the fix zone. The minimum limit protects the manufacturing
system against being outstripped by demand beyond the fixed zone.
Another element to the lower limit is the ability of the manufacturing system to react to
changes in demand. There are eight machines available to manufacture product A. If one
machine is running and a large demand enters the fixed zone, requiring the system to ramp up to
six machines, we would be unable to do so without some delay. The lower limit also incorporates
this delay and provides the inventory necessary to hedge against the ramp up delay.
Similarly, as the demand fixed zone shortens, the time the manufacturing system has to
react to demand deteriorates. The ramp up delay becomes much more pronounced when the lead-
time is shorter, resulting in a higher lower limit. In general, the shorter the demand fixed zone the
higher the lower limit to compensate for the increase in uncertainty.
Finally, the lower limit also has built in protection against minor fluctuations in demand.
While under the mode of IDF there should not be any major demand fluctuations, there still exists
minor fluctuation in demand quantities and actual coating date (within the allowed smoothing
days).
The upper limit does not affect service level as much as it does average inventory levels.
The greater the upper limit, the greater the average inventory level. There is, however, an
interaction between the upper and lower limits. As the upper limit increases, the required lower
limit decreases due to a diminished frequency of the PIP approaching the lower limit. Likewise,
as the upper limit decreases, there is an increased frequency of the PIP approaching the lower
limit, requiring a higher lower limit. (The more often the PIP reaches the lower limit, the more
opportunities there are for stock-outs to occur). A decrease in the upper limit also increases the
number of changeovers as both the upper and lower limits are reached more frequently.
7.12 User Interface or Short Term Solution
Similar to the re-order point and build-to-order models, a Microsoft Access tool will be
developed to facilitate daily decision making for the acetate planner. In the short-term, however,
a simple chart in Microsoft Excel has been developed as a manual PIP tool. Figure 7-2 shown
previously is an output from the interim tool. The planner inputs manually the demands as visible
within the fixed zone (anything inside the MRP marker as previously described in section 6.4.1).
She also inputs the production rate as it is on the day the chart is compared and then evaluates the
chart. While this procedure is time consuming and slow, it can be equally as effective as an
automated software tool.
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7.13 PIP Conclusion
When faced with products that are continuously being produced at a step function rate, the
Projected Inventory Position (PIP) model as described in this chapter is an effective way to
manage inventory and schedule production machines. The model is founded in comparing the
projected inventory position (see section 7.1 for equation) to established limits at the end of the
fixed demand zone. The limits can be optimized to take into consideration the specific limitations
and constraints of a given manufacturing system while achieving the desired service level.
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8 Conclusion
8.1 Summary of Recommendations
We recommend that each of the 20 acetate products studied follow one of three inventory
and scheduling strategies. Four products are recommended to follow the Projected Inventory
Position model as developed and presented in this research. Nine products are recommended to
follow a build-to-order strategy and the remaining seven products are recommended to follow a
ROP, fill-to strategy.
The Projected Inventory Position model has been developed as a tool to assist in the
production rate scheduling decision. Each of these products is characterized as being
manufactured at a step function rate with high start-up costs. The model takes into consideration
the current inventory level, the current production rate, and the demand over the fixed zone in
order to estimate the "projected inventory position". This PIP is compared to preset limits that
suggest when to increase or decrease the production rate. If a PIP is above the upper limit, than
the model suggests that the production rate be reduced by shutting off a machine. If the PIP is
below the lower limit, than the model suggests that the production rate be increased by starting an
additional machine. The limits are set by use of a simple simulation driven by historical demand.
The built-to-order model suggests that product only be manufactured for the identified
products when orders are inside the demand fixed zone. Flexibility exists for the planner to
schedule when the product is actually manufactured based on optimal sequencing and machine
scheduling constraints.
Finally the ROP model recommends that inventory be held for seven products as
prescribed by the fill-to level. Production decisions are based only on the inventory level. Once
a predetermined inventory level is reached, production must be completed by the agreed upon
lead-time. Additionally, the lead-times have been set high to allow for additional days of
flexibility to optimally schedule the machines and to provided "strategic filler", or flexible
demand, to be used optimally for scheduling and sequencing purposes.
8.2 Implementation status
As presented in this paper, all of the parameters necessary to successfully implement these
recommendations have been calculated. Unfortunately, the time required to manually evaluate
each product on a daily basis and calculated relevant parameters is prohibitive. Recognizing this,
a software tool using Microsoft Access is being developed to bring together the required
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information such as inventory and demand. As part of this research, the capabilities of the
proposed software tool were established. It is expected that the software tool will be complete
and installed by June 1999, at which time the Eastman Kodak Company acetate division intends
to implement the proposed recommendations.
In the short term, the build-to-order and fill-to re-order point strategies are being
implemented using a manual process so far as it is reasonable for the planner. While this
approach does not provide for the full benefits of the proposed recommendations, it does allow
for some evaluation of the policies and builds confidence within the division, so far as it is
successful.
8.3 Recommendations for Future Work
The goal of this research was twofold. First, it was to establish inventory and scheduling
policies in order to achieve the optimal level of inventory given the current manufacturing system
and the desired service level. Second, it was to establish a framework for continued inventory
and cycle-time reductions as the manufacturing system evolves. It is recommended that future
work focus on the fundamental improvements in the manufacturing system in order to leverage
the framework provided by this research. Areas of potential focus, some of which are already
being improved upon, include: start-up and changeover time, mean time to failure, mean time to
repair, and machine flexibility.
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